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Abstract 
An innovative parallel-field double-Hall microsensor comprising a silicon substrate, four planar contacts providing 
simultaneously two supply inputs and two differential outputs and a voltage source is characterized. This device functionally 
integrates two Hall devices sharing the same transducer zone and activated by unique supply current. The magnetosensitivities 
are equal but opposite in sign consisting of 40 V/AT and the two offsets are low and nearly equal. A self-reduction of the residual
offset and its temperature drift is achieved by appropriate conditioning circuit, subtracting the two output voltages. A drastic
compensation of the offset and the drift of more than two orders within a wide temperature range (– 40  T  80ºC) is obtained. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction  
The offset and its temperature drift are among the major accuracy sensor limitations of semiconductor (silicon) 
Hall devices in dc magnetic field measurement. The reasons for these drawbacks are geometrical errors in mask 
alignment, crystal damage, mechanical strain and stress, non-uniform temperature distribution and heat dissipation 
in the substrate, thermoelectric voltage across Hall leads, non-homogeneities, etc. [1-3]. Currently, various methods 
for offset compensation are known, including improvement of the manufacturing technology steps, device 
symmetry, calibration, Hall effect under null current conditions, mutual compensation, trimming, variety of static 
and dynamic reduction techniques, spinning current offset reduction included, sophisticated digital circuits [1-6]. 
Unfortunately, they are not effective enough – the existing approaches strongly depend on sensor matching, 
complex signal processing is used, or time response is slow due to switching procedure etc. [2,5,6].
Recently, a unique solution was suggested for drastic simultaneous reduction of offset and temperature drift in 
double-Hall microdevices [5-7]. These magnetotransducers consist of two identical Hall elements with two 
separated outputs and almost equal offsets where the sensitivities are equal and opposite sign. The residual offset 
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and its temperature drift are reduced through subtraction of the two individual output voltages. Currently, double-
Hall devices feature complicated design – they often possess eight contacts. Another major limitation is the presence 
of two control currents which results in high initial offsets. For further simplification and performance improvement, 
a novel parallel-field double-Hall microsensor with self-reduced offset and temperature drift is proposed and tested. 
2. Sensor layout and operation principle 
The innovative parallel-field Hall sensor with minimal design complexity is presented recently, comprising 
silicon substrate on one side of which three ohmic contacts, C1, C2 and C3, are formed, Fig. 1 [8].  
Fig. 1. A novel parallel-field Hall microdevice with minimal design complexity generating the whole Hall voltage developed in the substrate, the 
bulk serves as an active transducer region; the trimmer r accomplishes a precise initial offset regulation. 
Fig. 2. Transformation of the rear ohmic contact C3 to a planar terminal C'3 in the Hall microsensor from Fig. 1.
Through two equal load resistors, R1 and R2 (R1 = R2), leads C1 and C2 are power-supplied by voltage Es with 
contact C3. A characteristic feature is that terminals C1 and C2 are located next to one another, which seems to 
contradict the well-known van der Pauw theorem requiring alternating arrangement of biasing and sense contacts 
[6]. However, the operation of this unusual sensor is highlighted by Fig. 2. The ohmic terminal ɋ3 located on the 
lower side of the n-Si chip, as shown in Fig. 2, may be transformed into planar contact C3'. The action of the well-
known device with contact ɋ3 on the lower side of the substrate (Fig. 2) is Lorentz deflection of the current paths, 
resulting in increase of the current through one supply electrode, say C1, and decrease of the current through the 
other electrode, C2, accordingly [2]. The Hall voltage VH(Is,B) is generated by the supply current Is and the magnetic 
field B in the surface where contacts C1 and C2 are located.  
Fig. 3. A parallel-field double-Hall microdevice containing four n+ planar contacts C1, C2, C3 and C4, four equal resistors R1 = R2 = R3 = R4 = 10 
k and one supply current Is. A conditioning circuitry in hybrid implementation subtracts the individual voltages VC1,2 and VC3,4.
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3Namely, the current change ¨IC1,2(B) is transformed by load resistors R1 and R2 into differential voltage VC1,2(B)
to be registered at output VC1,2Ł VH, Fig. 1.  
The novel double-Hall silicon microdevice, Fig. 3, was designed using the Hall device from Fig. 1. It consists of 
two groups of two ohmic contacts each, C1 and C2, and C3 and C4, accordingly, which via equal resistors R1, R2, R3
and R4 are fed to power-supply source Es. This sensor functionally integrates two perfectly matched individual Hall 
elements sharing the same active transducer zone. The output voltages VC1,2 and VC3,4, upon amplification by op-
amps OA1 and OA2 are subtracted by op-amp OA3, Vout = VC1,2(B) +VC1,2(B = 0) – [VC3,4(B) + VC3,4(B = 0)] = 2VH(B)
+ [VC1,2(B = 0) – VC3,4(B = 0)], Vout = 2VH(B) + Voff(B = 0), as VC1,2(B) = |-VC3,4(B)|. Therefore, the Hall signal VH is 
doubled and the residual offset Voff and its temperature drift should be extremely low. For the first time, the Hall 
voltages are generated by unique supply current Is split in four equal parts, IC1 = IC2 = |-IC3| = |-IC4|, Fig. 3. The 
Lorentz force FL depending on B direction shrinks or expands the curvilinear current paths. Hence, on the 
neighboring contacts C1 and C2, as well as on C3 and C4, opposite-sign Hall voltages VC1,2(B) and -VC3,4(B) arise. 
3. Experimental results 
The experimental prototype samples were fabricated by standard silicon planar technology on n-Si wafers with ȡ
= 7.5 ȍ.cm where the substrate serves as an active transducer region.  
Fig. 4. Linear and odd magnetic responses of two output voltages, supply current Is as a parameter, T = 20 ºC, the initial offsets are nullified in 
advance. The relative sensitivities are SR = 40 V/AT. 
Fig. 5. Noise spectral density for different current Is for the microsensor from Fig. 3 at T = 20 ºC and B = 0; 1 –2 mA, 2 – 4 mA, 3 – 6 mA. 
The dependences of the Hall voltages VC1,2(B) and VC3,4(B) on the field B are presented in Fig.4. The relative 
sensitivity of the two outputs reaches SR = 40 V/AT. The non-linearity of the signals VC1,2(B), VC3,4(B) and the 
output Vout(B) in the range -1.5 T  B  1.5 T does no exceed NL  0.8 %. Furthermore, the initial offset of the 
device outputs compared to the data from [7] is smaller. This is an advantage of the new solution from Fig. 3 using a 
single current component. The measured noise spectral density for one of the outputs is presented in Fig. 5, whereas 
the noise behavior of the other output is the same. As may be seen, in the interval from 1 Hz to 1000 Hz, the internal 
noise is of the 1/f type, whereas with increase of supply Is, the noise grows too. The lowest detected magnetic 
induction at signal/noise ratio S/N = 1 of the two device outputs is about Bmin = 6-7 μT. The measured frequency 
response is no more than f  37 kHz. The temperature dependence of the magnetosensitivity S in constant current 
mode is T.C. § 0.1 %/ ºC. Using this result and the data for the measured offset voltage Voff of the new double-Hall 
element, the calculated equivalent offset Boff = Voff/S is below 0.8-0.9 mT. The output voltages of the double-Hall 
microdevice are shown in Fig. 6. The temperature dependence of the individual offset VC1,2 and the residual offset 
Voff are compared in Fig. 7. A more than 200-time reduction of the offset Voff and its temperature drift is achieved. 
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Fig. 6. Output voltages of double-Hall microsensor VC1,2, VC3,4 and Vout = VC1,2 – VC3,4 with supply current Is = 1 mA, T = 20 °C. The Hall signals 
are of opposite polarities, the two initial offsets are of the same sign, VC1,2(0) = VC3,4(0) = 10 mV.  
Fig. 7. Temperature behavior of the offset VC1,2(B = 0) and residual offset Voff(0) of the double-Hall microdevice at a current Is = 6 mA. 
4. Conclusions 
The results based on the novel double-Hall microsensor are very promising, irrespective of the fact that at this 
stage hybrid circuitry implementation is used, containing only ɚ small amount of electronic components. This is 
mostly related with the maximally simplified device design and the use of a single supply current to generate two 
separate opposite-sign Hall signals. If a CMOS technology is applied for fabrication of the sensor and the 
components, the residual offset and its temperature drift can be improved further. The offset drift is self-
compensated and may be calibrated at fixed temperature, most conveniently at room temperature, T = 20 °C. This 
solution presents an accurate microsystem for universal application, especially for biotechnology purposes, in 
particular, with bioethanol fuel production through its magnetic field treatment. 
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